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Field of the Invention 
5 This invention relates generally to information transfer systems, and more 

particularly to an improved multi-link receiving mechanism for concurrently processing 
multiple data streams. 

Background 

10 In the information transfer systems of today, speed is a major if not the primary 

consideration. The faster information can be transferred from one location to another, the 
better. Because of the need for increased speed performance, a number of techniques 
have been developed to facilitate and to accelerate data transfer. 

Typically, information is transferred from a starting location to a destination by 

15 first converting the information from a parallel format to a serialized format. Then, the 
serialized information is transmitted as a data stream across a transmission medium such 
a coaxial cable, a twisted pair cable, or a fiber optic cable, to the destination. At the 
destination, a receiver receives the data stream, and processes it to convert the 
information back into a parallel format. Thereafter, the parallel information is used for its 

20 intended purpose. As a general rule, transferring serialized information is slower than 
transferring parallel information. This is because rather than sending multiple data units 
at a time, serialized information is sent one data unit at a time. Because of this, sending 
serialized information can take substantially longer than sending parallel information. As 
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a result, whenever possible, it is preferable to send information in a parallel rather than a 
serialized fashion. 

To enable multiple data units to be transferred across a transmission medium in 
parallel, multiple transmission lines may be bundled together to form a multi-link 
channel. An example of such a setup is shown in Fig. 1, wherein a plurality of 
transmission lines 106 are bundled and used to connect a multi-link transmitter 102 with 
a multi-link receiver 104. On each transmission line 106, there is sent a separate data 
stream, and for each data stream, there is a plurality of serialized data units with each data 
unit occupying a data period. Because there are multiple transmission lines 1 06, and 
because a data unit is sent on each line during each data period, multiple data units are 
received by the multi-link receiver 104 during each data period. Thus, even though each 
of the transmission lines 106 carries a serialized data stream, because of the presence of 
the multiple transmission lines 106, the multi-link receiver 104 is able to receive multiple 
data units per data period (i.e. receives data units in parallel). By using multiple 
transmission lines in this manner, it is possible to transfer information from a starting 
location to a destination much more quickly. 

The multi-channel implementation of Fig. 1 does not come without its problems, 
however. One of its major problems is the phenomenon known as inter-pair skew. With 
inter-pair skew, data streams arrive at the multi-link receiver 104 out of alignment. This 
is so even when the data streams leave the multi-link transmitter 102 completely aligned 
with each other. Inter-pair skew may be caused by a number of different factors, such as 
differences in characteristics between the various transmission lines 106, different 
distances traveled on each transmission line 106, as well as other factors. The inter-pair 
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skew phenomenon is illustrated in the timing diagram of Fig. 2 for the system shown in 
Fig. 1. Specifically, dt(l) and dt(n) represent two data streams as they leave the 
transmitter 102 on transmission lines 106(1) and 106(n), respectively, while dr(l) and 
dr(n) represent the data streams as they arrive at the receiver 1 04. Notice that the data 
transition edges of dt(l) and dt(n) are aligned with each other, but the transition edges of 
dr(l) and dr(n) are not. This shows that while the data streams were aligned with each 
other at the time they exited the transmitter 102, they are not aligned when they arrive at 
the receiver 104. This misalignment makes it difficult for the receiver 104 to recover data 
from both data streams dr(l), dr(n). 

To elaborate, a receiver typically recovers data from a data stream by generating a 
clock signal that is both synchronized and aligned with the data stream. Then, the clock 
signal is used to generate latching control signals, which are used to latch or sample each 
of the data units in the data stream. It is usually desirable to generate each latching 
control signal such that it falls near the middle of a data period so that each data unit is 
sampled during a time at which its data value is most stable. Since the timing of the 
latching control signals relative to the data periods of the data stream is important, and 
since the latching control signals are generated based upon the clock signal, it follows that 
the alignment of the clock signal relative to the data periods of the data stream is also 
important. When multiple data streams arrive at a receiver out of alignment, it is 
impossible for a single clock signal to maintain proper alignment with all of the data 
streams. As a result, a typical multi-link receiver 1 04 cannot use the same clock signal to 
recover data from all data streams dr(l)-dr(n). In general, inter-pair skew makes 
recovering data from multiple data streams significantly more difficult and complex. 
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One possible solution to the inter-pair skew problem is to oversample each data 
stream. That is, during each data period, instead of generating just one latching control 
signal, multiple latching control signals are generated. These latching control signals are 
then applied to each data stream to latch in the data units of that data stream. Typically, 
oversampling is implemented using three, four, or more latching control signals per data 
period, with each latching control signal being separated from another latching control 
signal by a certain time constant. By sampling each data unit at multiple points in time, it 
is likely that at least one of the samples will be taken near the midpoint of the data period 
where the data unit is stable. By using the data value from that sample, the value of the 
data unit can be ascertained. Notice that with oversampling, it is not necessary to 
generate a clock signal that is synchronized and aligned with each data stream. By 
removing the requirement for a synchronized and aligned clock signal, oversampling 
solves the inter-pair skew problem. With oversampling, the same set of latching control 
signals can be applied to all of the incoming data streams. 

With reference to Fig. 3, there is shown a timing diagram for a typical 
implementation of oversampling. Specifically, Fig. 3 depicts two incoming data streams 
dr(l) and dr(n) which are out of alignment with each other. In addition, Fig. 3 shows four 
latching control signals CI, C2, C3, and C4, all of which trigger within the span of one 
data period. For the sake of simplicity, only four control signals C1-C4 are shown; 
however, it should be understood that there are four control signals per data period. The 
control signals C1-C4 within a data period are separated from each other by a time 
constant TC. Depending upon the relative alignment between each data stream dr(l), 
dr(n) and the control signals C1-C4, one of the controls signals C1-C4 will be used as the 
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preferred signal for extracting data from the data stream. For example, it appears from 
Fig. 3 that latching control signal C2 falls closest to the midpoint of the data periods for 
data stream dr(l); thus, signal C2 will be the preferred signal for extracting information 
from data stream dr(l). In contrast, for data stream dr(n), it appears that control signal C3 
falls closest to the midpoint of the data periods. Consequently, signal C3 will be the 
preferred signal for extracting data from data stream dr(n). By generating multiple 
latching control'signals per data period, it is possible to use the same set of latching 
control signals to extract data from multiple data streams, even when those data streams 
are misaligned relative to each other. 

Oversampling provides a solution to the inter-pair skew problem. However, this 
solution does not come without significant drawbacks. For one thing, generating and 
managing multiple latching control signals per data period imposes significant additional 
overhead, both in terms of generating additional signals and of providing additional 
storage (since each sampled value needs to be stored). As a result, there is significant 
redundancy in an oversampling system. Also, notice that the sampling position is not 
optimal. Rather than sampling a data unit at the midpoint of a data period, oversampling 
samples the data unit at positions which are just somewhat close to the midpoint. This 
may lead to data errors. In addition and perhaps most significantly, oversampling 
imposes a practical limit on how quickly data can be transmitted. By requiring a small 
delay (time constant TC) between successive latching control signals, oversampling limits 
the rate at which data can be practically sent in a data stream. 

To elaborate, a delay is typically imposed on a signal by passing the signal 
through a delay element. The delay provided by the delay element depends upon how 
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quickly the element processes the signal. As a general rule, the faster an element 
processes a signal (and hence, the shorter the delay), the more difficult and expensive the 
element is to manufacture. Due to constraints such as cost and technological limitations, 
there is a practical limit on how quickly a delay element can process a signal, and hence, 

5 how small a delay can be. For purposes of discussion, this limit will be referred to as 
TCmin and it will be assumed that the time constant TC (Fig. 3) between the control 
signals C1-C4 is set to TCmin. As noted above, there are typically four latching control 
signals per data period in an oversampling implementation; hence, there are four TCmin's 
per data period. Since TCmin is a minimum, this means that the shortest data period that 

10 a data unit can have is four times TCmin. Since frequency is the inverse of period, this in 
turn means that the highest frequency that a data stream can have is l/4TCmin. Since 
data rate is directly proportional to frequency, it follows that data rate is also limited by 
the factor l/4TCmin. As this discussion shows, TCmin plays a large role in limiting the 
rate at which data can be sent in a data stream. Depending upon the magnitude of TCmin, 

15 the maximum achievable data rate may be much lower than would be desired. This 
aspect of oversampling makes it an unattractive solution in many implementations. 

As an alternative to oversampling, a plurality of phase locked loops (PLL) may be 
used to recover data from the multiple data streams. According to this implementation, 
an individual PLL is coupled to receive each of the data streams. Each PLL generates a 

20 clock signal that is synchronized and aligned with the data stream that it receives. Then, 
based upon that clock signal, the PLL generates a plurality of latching control signals, one 
for each data period of the data stream. Each latching control signal falls around the 
midpoint of each data period. Once generated, the latching control signals are used to 
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latch each of the data units of the data stream. In a PLL implementation, each PLL works 
independently to recover data from the data stream with which it is associated. Because 
data from each data stream is recovered independently, misalignment among the various 
data streams has no affect on the operation of the system. Thus, even in the face of inter- 
pair skew, a PLL implementation is able to recover data from multiple data streams. 

While the PLL implementation provides a possible solution to the inter-pair skew 
problem, it comes with some significant drawbacks; First, because it uses PLL's, jitter 
performance is less than optimal, and power consumption is relatively high due to the 
nature of PLL ! s. In addition and more significantly, the PLL implementation, like 
oversampling, can significantly limit the rate at which data can be transferred in a data 
stream. To illustrate this problem, reference will be made to Fig. 4, wherein a timing 
diagram for one of the PLL f s in a typical PLL implementation is shown. For the sake of 
simplicity, only one latching control signal CI is depicted in Fig. 4; however, it should be 
understood that there is a latching control signal for each data period. 

As shown in Fig. 4, the control signal CI is generated by delaying the Clock 
signal by a time constant TC, which is one half of a data period. Since TC is one half of a 
data period in duration, it follows that there are two TCs per data period. Assuming that 
TC is set to the minimum practical value TCmin as discussed above, it means that the 
minimum data period that a data stream can have is 2TCmin. Given that frequency is the 
inverse of period, and that data rate is directly proportional to frequency, if follows that , 
the highest data rate achievable using the PLL implementation is limited by the factor 
l/2TCmin. Thus, even though it is not as limiting as the oversampling implementation, 
the PLL implementation still does impose a significant limit on the rate at which data can 
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be sent in a data stream. Given all of the drawbacks of the current implementations 
discussed above, there is a need for an improved mechanism for concurrently processing 
multiple data streams. 

Summary 

To overcome the shortcomings of the prior art, the present invention provides an 
improved multi-link receiving mechanism, which solves the inter-pair skew problem but 
which does not have the undesirable side effects of the prior art. In one embodiment, the 
multi-link receiving mechanism (MRM) comprises a plurality of receivers. Each receiver 
receives a separate data stream, and all receivers receive the same clock signal. The data 
streams may arrive at the MRM out of alignment relative to each other (i.e. may have 
inter-pair skew), and the clock signal need not be aligned with any of the data streams. 

In response to the clock signal and the data stream, each receiver delays the clock 
signal by a variable delay to derive a reference signal. This is done to achieve a desired 
relative alignment between the data stream and the reference signal. For example, the 
clock signal may be delayed such that it causes the reference signal to coincide 
approximately with the midpoint of one of the data periods of the data stream. Because 
each receiver receives a separate data stream, and because each data stream may have a 
different alignment, the initial alignment between the data stream and the clock signal 
may and probably will differ from receiver to receiver. Thus, the variable delay imposed 
by each receiver will also most likely differ from receiver to receiver. According to one 
embodiment, each of the variable delays imposed by the various receivers is greater than 
or equal to one data period (i.e. none of the variable delays is less than one data period). 
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Since none of the variable delays is less than one data period, no limits are imposed on 
the rates at which data in the data streams may be sent, as was the case with the prior art. 

Once the reference signal is derived, it is used by the receiver to generate a 
plurality of latching control signals. In one embodiment, there is one latching control 
signal per data period, and each latching control signal coincides approximately with the 
midpoint of a data period. Once generated, the latching control signals are used by the 
receiver to latch all of the data units of the data stream. Data from the data stream is thus 
recovered. Each of the receivers operates in the manner described to recover data from 
each of the data streams. Because each receiver individually adjusts for the varying 
alignments of the various data streams, the MRM is able to accommodate and properly 
process data streams with inter-pair skew. Furthermore, the MRM tolerates inter-pair 
skew without incurring the undesirable side effects of the prior art (e.g. no oversampling, 
no imposition of limits on maximum data rate, etc.). Consequently, the present invention 
represents a significant improvement over the prior art. 

In addition to the MRM, the present invention further provides an improved 
receiver architecture, which may be used in either a single receiver or a multi-link 
implementation. In accordance with one embodiment, the receiver comprises a latching 
mechanism coupled to receive a data stream, and a signal generator for generating 
latching control signals for controlling the operation of the latching mechanism. The 
signal generator, which for example may take the form of a delay locked loop, generates 
one latching control signal per data period of the data stream, with each latching control 
signal coinciding approximately with the midpoint of a corresponding data period. In 
addition, the signal generator generates the latching control signals based upon a 
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reference signal, which in one embodiment, coincides approximately with the midpoint of 
a data period of the data stream. 

In accordance with another embodiment, the receiver further comprises an 
adjustable delay element and a delay adjustment control. The adjustable delay element 
receives a clock signal and imposes a variable delay thereon to derive the reference signal 
used by the signal generator to generate the latching control signals. The magnitude of 
the variable delay imposed by the adjustable delay element is controlled by the delay 
adjustment control. In one embodiment, the variable delay is set such that the reference 
signal is made to coincide approximately with the midpoint of a data period of the data 
stream. With the ability to adjust the variable delay imposed by the adjustable delay 
element, the receiver is able to derive a proper reference signal regardless of the 
alignment of the data stream. 

Brief Description of the Drawings 

Fig. 1 is a block diagram of a system in which multiple transmission lines are 
bundled together to form a multi-link channel. 

Fig. 2 is a timing diagram illustrating the phenomenon known as inter-pair skew. 

Fig. 3 is a timing diagram illustrating how oversampling may be implemented to 
achieve data recovery. 

Fig. 4 is a timing diagram for a PLL in a typical PLL data recovery 
implementation. 

Fig. 5 is a high level block diagram of a multi-link receiving mechanism in 
accordance with one embodiment of the present invention. 
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Fig. 6 is a block diagram of one of the receivers of the multi-link receiving 
mechanism of Fig. 5 in accordance with one embodiment of the present invention. 

Fig. 7 shows one possible implementation of the receiver of Fig. 6. 

Fig, 8 is a timing diagram for the implementation of Fig. 7 illustrating 
relationships between various signals in steady state. 

Fig. 9 shows one possible implementation for a standalone receiver in accordance 
with one embodiment of the present invention. 

Detailed Description of Embodiment(s) 

Throughout the following description, the terms "synchronized" and "aligned" will 
be used. To facilitate a complete understanding of the description, these terms will now be 
defined. When a first signal is referred to as being synchronized with a second signal, it is 
meant that the first signal has the same period or an integral multiple of the period of the 
second signal. For example, if the second signal has a period of T, then the first signal is 
synchronized with the second signal if the first signal has a period of T, 2T, 3T, 4T, and so 
forth. As an example, both the Clock signal and the control signal CI of Fig. 4 are 
synchronized with the data stream dr. 

Just because two signals are synchronized does not mean that they are aligned, 
however. For a first signal to be aligned with a second signal, all of the transitions of the 
first signal need to coincide with transitions of the second signal. If any transition of the 
first signal does not coincide with a transition of the second signal, the two signals are not 
considered aligned. Referring again to Fig. 4 as an example, note that the Clock signal is 
aligned with the data stream dr because every transition of the Clock signal coincides with a 
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transition of the data stream dr. However, the control signal CI is not aligned with the data 
stream dr because its transitions fall within the data periods of the data stream dr as opposed 
to being coincident with the data transitions thereof. As this discussion shows, it is possible 
for two signals to be synchronized but not aligned with each other. With these definitions 
in mind, the invention will now be described. 

With reference to Fig. 5, there is shown a high level block diagram of a multi-link 
receiving mechanism (MRM) 500 in accordance with one embodiment of the present 
invention. As shown in Fig. 5, the MRM 500 comprises a plurality of individual receivers 
502(l)-502(n), with each receiver 502(l)-502(n) receiving a separate data stream 504(1)- 
504(n). In one embodiment, each of the data streams 504 comprises a plurality of serialized 
data units, with each data unit occupying one data period. In the following discussions, it 
will be assumed that the data units in the data streams 504 are individual data bits; however, 
it should be noted that for purposes of the present invention, the data units are not so 
limited but instead may be multiple bits or other types of data units (e.g. a packet). All such 
data units are within the scope of the present invention. 

As noted previously, when multiple data streams 504 are received by a MRM, it is 
possible and likely that due to the inter-pair skew phenomenon, the data streams 504 will 
arrive at the MRM 500 out of alignment relative to each other. Thus, data streams 504(1) 
and 504(n) of Fig. 5, for example, may be out of alignment with each other when they 
arrive at the MRM 500. This does not pose a problem, however, because the MRM 500 of 
Fig. 5 is designed to accommodate such a situation, as will be explained further below. 

In addition to a data stream 504, each receiver 502 also receives a clock signal 506. 
According to one embodiment, all of the receivers 502 receive the same clock signal 506. 



12 



o 

*0 



60012-0012 

This clock signal 506 may be generated by the MRM 500, or it may be received from an 
external component (not shown). In one embodiment, the clock signal 506 is synchronized 
with each of the data streams 504, and has a period which is ten times the data period of the 
data units in the data streams 504. Giving the clock signal 506 such a relatively long period 
5 makes the clock signal 506 easier to manipulate. While ten data periods has been found to 
be a good period for the clock signal 506, it should be noted that the invention is not so 
limited. If so desired, the clock signal 506 may have periods of other duration. Such a 
modification is within the scope of the invention. A point to note is that while the clock 
signal 506 is synchronized with the data streams 504, it need not be aligned with any of the 
jjl 10 data streams 504. Because there is no requirement for the clock signal 506 to be aligned 
«F with any of the data streams 504, it is possible to use the same clock signal 506 for all of the 

ri 

6 « 

ws receivers 502. 

^ In response to the clock signal 506 and a data stream 504, each of the receivers 

fa" 

fjj 502 extracts or recovers data from its associated data stream 504. More specifically, in 

i«J 

I-* 15 one embodiment, the receiver 502 delays the clock signal 506 by a variable delay to 

derive a reference signal (not shown). As will be described further below, this is done to 
achieve a desired relative alignment between the data stream 504 and the reference signal. 
For example, the clock signal 506 may be delayed such that it causes the reference signal 
to coincide approximately with the midpoint of one of the data periods of the data stream 
20 504. Because each receiver 502 receives a separate data stream 504, and because each 
data stream 504 may have a different alignment, the initial alignment between the data 
stream 504 and the clock signal 506 may and probably will differ from receiver to 
receiver 502. Thus, the variable delay imposed by each receiver 502 will also most likely 
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differ from receiver to receiver 502. According to one embodiment, each of the variable 
delays imposed by the various receivers 502 is greater than or equal to one data period 
(i.e. none of the variable delays is less than one data period). Since none of the variable 
delays is less than one data period, no limits are imposed on the rates at which data in the 
5 data streams 504 may be sent, as will be explained further below. 

Once a receiver 502 derives a reference signal, it uses the reference signal to 
generate a plurality of latching control signals (not shown). In one embodiment, the 
receiver 502 generates one latching control signal per data period, and each latching 
control signal coincides approximately with the midpoint of a data period. Once the 
jjf 10 latching control signals are generated, they are used by the receiver 502 to latch all of the 
data units of the associated data stream 504, thereby recovering data from the data stream 
504. Once recovered, the data is passed on to an external component (not shown), where 
it is used for its intended purpose. Each receiver 502 of the MRM 500 operates in the 
manner described above to recover data from each of the data streams 504. Because each 
15 receiver 502 individually processes a respective data stream 504 and adjusts for the 
varying alignment of the data stream 504, the MRM 500 is able to process any data 
stream 504, regardless of its alignment relative to the clock signal 506 or to other data 
streams 504. As a result, the MRM 500 is able to accommodate and properly process 
multiple data streams 504 with varying alignments. In short, the MRM 500 provides a 
20 solution to the inter-pair skew problem. 

Moreover, the MRM 500 solves the inter-pair skew problem without incurring 
any of the shortcomings of the prior art. For instance, the MRM 500 does not need to 
implement oversampling. For each data period, no more than one latching control signal 
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is generated (and hence, no more than one sample is taken). As a result, the redundancy 
associated with oversampling is eliminated. Also, each latching control signal coincides 
approximately with the midpoint of a data period. This means that each data unit is 
sampled at an optimal time during which the value of the data unit is most stable, not 
during other less optimal times, as was the case with oversampling. 

In addition and perhaps most significantly, the MRM 500 does not impose any 
limits on the rates at which data may be sent on the data streams 504. As was noted 
above, none of the variable delays imposed by the receivers 502 is less than one data 
period in duration. This means that TCmin is greater than or equal to one data period. 
This in turn means that there is no more than one TCmin per data period. Thus, unlike 
the oversampling and PLL approaches, which require four and two TCmin's per data 
period, respectively, the MRM 500 has no more than one TCmin per data period. With 
one or fewer TCmin's per data period, the maximum frequency that can be achieved is 
determined by the data period (e.g. 1/data period), not by the number of TCmin's. Thus, 
in MRM 500, the maximum frequency, and hence, the maximum data rate is limited not 
by how fast the adjustable delays work, but by other considerations, such as how fast data 
can physically be sent. By not imposing a limit on how fast data can be sent, the MRM 
500 maximizes the flexibility and effectiveness of the data recovery process. Overall, 
MRM 500 represents a significant advance over the prior art. 

Thus far, an overview of the invention has been provided. With reference to the 
remaining figures, an illustrative embodiment will now be described in detail. According to 
one embodiment of the present invention, each of the receivers 502 of the MRM 500 takes 
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the same form. An example of a form that each receiver 502 may take is shown in Fig. 6, 
wherein the receiver 502 comprises a latching mechanism 602, a signal generator 604, an 
adjustable delay element 608, and a delay adjustment control 610. 

The latching mechanism 602 is the component responsible for receiving the data 

5 stream 504, and latching each of the data units in the data stream 504. In one embodiment, 
the latching mechanism 602 latches the data units in response to a set of latching control 
signals 620. More specifically, in response to each latching control signal 620, the latching 
mechanism 602 latches one data unit. As each data unit is latched, it is sent out onto the 
Data Out lines to an external component (not shown), where the data unit is processed. In 

10 one embodiment, the external component transforms the data units received from the 
latching mechanism 602 into parallel data. In this manner, incoming serial data is 
converted into parallel output data. 

The latching control signals 620 used to control the operation of the latching 
mechanism 602 are provided by the signal generator 604. In one embodiment, the signal 

15 generator 604 generates one latching control signal per data period, and these latching 
control signals 620 are generated based upon the reference signal 606. If the reference 
signal 606 is properly aligned relative to the data stream 504, then the signal generator 604 
will generate each latching control signal 620 such that the latching control signal coincides 
with the midpoint of a corresponding data period. As discussed previously, the optimal 

20 time to latch or sample a data unit is at the midpoint of a data period because that is where 
the data is most stable. Hence, it is a goal of the signal generator 604 to generate latching 
control signals 620 which coincide as closely as possible to the midpoints of corresponding 
data periods. 
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To enable the signal generator 604 to generate latching control signals 620 which 
coincide with the midpoints of corresponding data periods, the reference signal 606 is 
adjusted to achieve a desired alignment relative to the data stream 504. In the embodiment 
shown in Fig. 6, this adjustment is made by the adjustable delay element 608. More 
specifically, the adjustable delay element 608 receives the clock signal 506 and delays it by 
a variable delay to derive the reference signal 606. As noted previously, the clock signal 
506 is synchronized with the data stream 504 but it is not necessarily aligned therewith. By 
delaying the clock signal by the proper variable delay, the adjustable delay element 608 
brings the reference signal 606 into a desired alignment relative to the data stream 504. In 
one embodiment, this desired alignment is where the reference signal coincides with the 
midpoint of a data period. Put another way, it is desirable for the reference signal 606 to 
fall in the middle of a data period. 

As the name suggests, the adjustable delay element 608 imposes an adjustable or 
variable delay on the clock signal 506 to derive the reference signal 606. In one 
embodiment, how much of a delay the element 608 imposes is controlled by the delay 
adjustment control 610. Basically, the delay adjustment control 610 receives input from the 
latching mechanism 602, and based upon this input, determines how closely the latching 
control signals 620 are coinciding with the midpoints of corresponding data periods. Based 
upon this determination, the delay adjustment control 610 adjusts the variable delay 
imposed by the adjustable delay element 608 to modify the relative alignment between the 
reference signal 606 and the data stream 504. This in turn pushes the latching control 
signals 620 closer to the midpoints of the corresponding data periods. Thereafter, the delay 
adjustment control 610 makes another determination as to how closely the latching control 
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signals 620 are now coinciding with the midpoints of corresponding data periods. Based 
upon this latter determination, the delay adjustment control 610 again adjusts the variable 
delay imposed by the adjustable delay element 608 to adjust the relative alignment between 
the reference signal 606 and the data stream 504. This again results in pushing the latching 
control signals 620 closer to the midpoints of corresponding data periods. This feedback 
adjustment process continues until eventually the latching control signals 620 coincide with 
the midpoints of corresponding data periods. In the manner described, the receiver 502 
dynamically adjusts itself to carry out effective and efficient data recovery. 

Fig. 7 shows one possible implementation of the receiver 502 of Fig. 6. In the 
implementation shown in Fig. 7, the latching mechanism 602 takes the form of a multi- 
stage latch 702, comprising a plurality of parallel latching stages, with each latching stage 
coupled to receive the incoming data stream 504. Each latching stage latches a data unit 
from the data stream 504 in response to a corresponding latching control signal. As shown 
in Fig. 7, each latching stage receives its own latching control signal. For example, the first 
latching stage receives control signal CI, the second latching stage receives control signal 
C2, and so forth. During any particular data period, only one of the control signals CI -C10 
is asserted; as a result, only one of the latching stages is activated to latch the data unit 
corresponding to that data period. Thus, although all of the latching stages are coupled to 
receive the data stream 504, only one of the latching stages is latching data at any one time. 
Over time, each of the latching stages will latch in a data unit from the data stream 504. As 
each data unit is latched, it is sent out onto the Data Out lines to an external component (not 
shown), where the data unit is processed. In one embodiment, the external component 
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transforms the data units received from the latch 702 into parallel data. In this manner, the 
incoming serial data stream 504 is converted into parallel output data. 

In the implementation of Fig. 7, the control signals CI -C10 which control the 
operation of the latch 702 are provided by a delay locked loop (DLL) 704 (the DLL acts as 
the signal generator 604 of Fig. 6). In one embodiment, the DLL 704 has ten stages, and 
each stage provides one control signal, giving a total of ten control signals CI -C10. These 
control signals CI -C10 are generated based upon the reference signal 606. Recall that the 
period of the Clock signal 506, and hence, the period of the reference signal 606 is ten data 
periods. Since the period of the reference signal 606 is ten data periods, and since the DLL 
704 generates ten control signals CI -C10 based upon the reference signal 606, it follows 
that the DLL 704 generates one control signal per data period. Put another way, each of the 
control signals CI -C10 is separated (i.e. delayed) from a previous control signal by one data 
period. That is, control signal C2 is one data period delayed relative to control signal CI, 
control signal C3 is one data period delayed relative to C2, and so forth. By having one 
data period delay between each of the control signals CI -C10, it is assured that there will be 
no more than one control signal per data period. Hence, there is no oversampling. 

As noted above, the DLL 704 generates the control signals CI -C10 based upon the 
reference signal 606. In one embodiment, the DLL 704 generates the control signals Cl- 
C10 such that the first control signal CI is delayed by one data period relative to the 
reference signal 606. With this being the case, and since each of the control signals CI -C10 
is separated by one data period relative to a previous control signal, it follows that the 
control signals CI -C10 have substantially the same alignment relative to the data stream 
504 as does the reference signal 606. Thus, the alignment of the reference signal 606 is 
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significant in determining the alignments of the control signals CI -CIO relative to the data 
periods in the data stream 504. More specifically, if the reference signal 606 coincides with 
the midpoint of a data period of the data stream 504, then the control signals CI -C10 will 
likewise coincide with the midpoints of corresponding data periods (which is typically the 
desired result). As mentioned previously, the alignment of the reference signal 606 relative 
to the data stream 504 can be adjusted by adjusting the variable delay imposed by the 
adjustable delay element 608. Consequently, the adjustable delay element 608 can be used 
as a means for achieving optimal alignment between the control signals CI -C10 and the 
data periods of the data stream 504. 

The relationships between the various signals in the receiver 502 of Fig. 7 can be 
seen in the timing diagram of Fig. 8. It should be noted that Fig. 8 shows the relationships 
once steady state.has been reached. More will be said on this in a later section. As shown 
in Fig. 8, the data stream 504 comprises a plurality of data units 802, with each data unit 
802 occupying a data period P. Each of the data units 802 is sampled and latched by the 
latch 702 in response to one of the control signals CI -C10. In generating the control signals 
CI -C10, the clock signal 506 is delayed by a variable delay Vdelay to derive the reference 
signal 606. Notice that the clock signal 506 need not be aligned (and is not aligned in Fig. 
8) with the data stream 504. Despite this lack of alignment, because of the variability of the 
delay Vdelay, the reference signal 606 is still derived such that its rising edge coincides 
with the midpoint of a data period. As shown in Fig. 8, the variable delay Vdelay is greater 
than or equal to one data period. 

Once the reference signal 606 is derived, it is used by the DLL 704 to generate the 
control signals CI -C10. Because the reference signal 606 coincides with the midpoint of a 
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data period, the control signals CI -CIO will likewise coincide with the midpoints of 
corresponding data periods. As noted previously, the first control signal CI is delayed by 
one data period relative to the reference signal 606, and each subsequent control signal is 
delayed by one data period relative to the previous control signal. Thus, as shown in Fig. 8, 
the rising edge of the first control signal CI occurs one data period after the rising edge of 
the reference signal 606, and the rising edges of the subsequent control signals are each 
separated by one data period (e.g. the rising edge of signal C2 occurs one data period after 
the rising edge of CI, the rising edge of signal C3 occurs one data period after the rising 
edge of C2, and so on). Generated in this manner, each control signal CI -C10 coincides 
approximately with the midpoint of a corresponding data period. As this discussion shows, 
the receiver of Fig. 7: (1) samples the data units in the data stream 504 at the optimal times; 
(2) needs no more than one sample per data period; (3) can process any data stream 504 
having any alignment relative to the clock signal 506; and (4) due to the fact that the 
variable delay Vdelay is greater than or equal to one data period, imposes no limitations on 
the rate at which data can be sent in the data stream 504. Because of these and other 
aspects, the receiver 502 represents a significant improvement over the prior art. 

As noted above, Fig. 8 shows the relationships of the various signals after steady 
state has been reached. To get to steady state, the delay adjustment control 610 is used to 
adjust the variable delay imposed by the adjustable delay element 608 to push the reference 
signal 606 towards the midpoint of a data period. In the implementation shown in Fig. 7, 
the delay adjustment control 610 comprises a phase detector 720, a fixed delay element 
722, and an additional latching stage 724. 
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The fixed delay element 722 receives the last control signal CIO as input, and 
provides as output a delayed version Ce of the control signal CIO. In one embodiment, 
delay element 722 imposes a fixed delay on the control signal CIO of (X + .5) times a data 
period, where X is an integer greater than or equal to 1 . For the sake of illustration, it will 
be assumed that the integer is 1 and that element 722 imposes a fixed delay of 1 .5 data 
periods. In accordance with this example, Ce is 1 .5 data periods delayed relative to CIO. 
Because Ce is 1 .5 data periods delayed relative to the last control signal CIO, and because 
the control signals are cyclical, Ce falls between control signals CI and C2 in the next cycle 
of control signals, as shown in Fig. 8. Due to the .5 component of the delay, the control 
signal Ce at steady state will not coincide with the midpoint of a data period. Rather, it will 
coincide with the transition between two data periods. As will be discussed further below, 
this aspect of the control signal Ce is used advantageously to determine how to adjust the 
variable delay of the adjustable delay element 608. 

The delayed control signal Ce is applied as a latching control signal to the additional 
latching stage 724. Since additional latching stage 724 is coupled to receive the data stream 
504, the control signal Ce causes the additional latching stage 724 to latch in a data unit 
from the data stream 504. The data unit latched by the additional latching stage 724 is 
provided to the phase detector 720 for use in determining how to adjust the variable delay 
of the adjustable delay element 608. 

In addition to receiving the data unit from the additional latching stage 724, the 
phase detector 720 also receives two data units Dl and D2 from the first and second 
latching stages, respectively, of the multi-stage latch 702. Data units Dl and D2 represent 
the data units sampled by the control signals CI and C2 in the next cycle of control signals. 
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Because control signal Ce falls between control signals CI and C2, and because Dl and D2 
represent the data units sampled by CI and C2, Dl and D2 are the data units surrounding 
the data transition point approximated by Ce. By comparing the data unit sampled by Ce 
(i.e. the data unit provided by the additional latching stage 724) with the data units Dl and 
D2, the phase detector 720 determines where Ce falls relative to the data transition point, 
and based upon this determination, the phase detector 720 adjusts the variable delay 
imposed by the adjustable delay element 608 to push Ce closer to the transition point. By 
doing so, the phase detector 720 also pushes the reference signal 606 and the control signals 
CI -C10 closer to the midpoints of corresponding data periods. By continually pushing Ce 
closer to the data transition point, the steady state situation shown in Fig. 8 is eventually 
reached. 

To illustrate the comparison and adjustment process carried out by the phase 
detector 720, reference will now be made to an example. Suppose that Dl has a bit value 
of " 1 " and D2 has a bit value of "0". Suppose further that the bit value from the additional 
latching stage 724 is "1". These bit values indicate that Ce is sampling the data stream 504 
prior to the transition point, and hence, is latching the data unit Dl from the prior data 
period. In response to this situation, the phase detector 720 increases the variable delay of 
the adjustable delay element 608 to push Ce forward towards the transition point. On the 
other hand, suppose that the bit value from the additional latching stage 724 has a bit value 
of "0". This indicates that Ce is sampling the data stream 504 after the transition point, and 
hence, is latching the data unit D2 from the latter data period. To correct this situation, the 
phase detector 720 reduces the variable delay of the adjustable delay element 608 to push 
Ce backward towards the transition point. By continually adjusting the variable delay of 
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the adjustable delay element 608 in this manner, the phase detector 720 keeps Ce as close to 
the transition point as possible, which in turn maintains the control signals CI -C10 as close 
to the midpoints of data periods as possible. Optimal data sampling is thus achieved. 

Thus far, the receiver 502 has been discussed only in the context of a multi-link 
receiving mechanism 500 in which multiple receivers are implemented. It should be noted 
though, that if so desired, a slightly modified version of the receiver 502 may be used in a 
single-link implementation as a standalone receiver. One embodiment of this modified 
version is shown in Fig. 9, comprising a multi-stage latch 902 coupled to receive a data 
stream 910, and a DLL 904 for generating a plurality of latching control signals CI -C10. 
Because this receiver 902 is used in a standalone environment and hence, does not need to 
account for inter-pair skew, it does not comprise an adjustable delay element or a delay 
adjustment control. In most other respects, though, it is substantially identical to the 
receiver of Fig. 7. 

Like the DLL 704 of the multi-link version 502, the DLL 904 of the standalone 
version 902 generates the latching control signals CI -C10 based upon a reference signal 
906. Like the reference signal 606 of the multi-link receiver 502, reference signal 906: (1) 
is synchronized with its associated data stream 910; (2) has a period which is equal to ten 
data periods of the data stream 910; and (3) is not edge-aligned with the data periods of the 
data stream 910, but rather is coincident with the midpoint of a data period of the data 
stream 910. Because the reference signal 906 coincides with the midpoint of a data period, 
the control signals CI -C10 likewise coincide with the midpoints of corresponding data 
periods. 
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For purposes of the present invention, the reference signal 906 may be provided by 
an external component (not shown), or generated by the receiver 902. If generated, various 
different methods may be used. In one embodiment, the reference signal 906 is generated 
as follows. First, a clock signal is generated based upon the data stream 910. This clock 
signal is generated such that it is synchronized and aligned with the data stream 910, and 
has a period equal to ten data periods of the data stream 910. Once generated, the clock 
signal is passed through a delay element, which imposes a selected delay on the clock signal 
to derive the reference signal 906. In one embodiment, the selected delay is equal to (X + 
.5) times a data period, where X is an integer greater than or equal to 1 . Thus, the selected 
delay may be 1.5, 2.5, 3.5, etc., times a data period. Because of the .5 component of the 
selected delay, the reference signal 906 is positioned such that it coincides with the 
midpoint of a data period of the data stream 910. With the reference signal 906 thus 
properly positioned, the control signals CI -C10 generated based upon the reference signal 
906 will likewise coincide with the midpoints of corresponding data periods. 
Consequently, the receiver 902 will sample the data units of the data stream 910 at optimal 
times. 

At this point, it should be noted that although the invention has been described 
with reference to a specific embodiment, it should not be construed to be so limited. 
Various modifications may be made by those of ordinary skill in the art with the benefit 
of this disclosure without departing from the spirit of the invention. Thus, the invention 
should not be limited by the specific embodiments used to illustrate it but only by the 
scope of the appended claims. 
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